Abstract. Two new joining methods for sheet metal parts, dieless clinching and dieless rivet-clinching are introduced in this paper. With these methods all formable materials can be joined. Contrary to conventional technology in joining by forming these new methods are working with a flat anvil as a counter tool instead of a contoured die, which has a number of advantages. The process has become simpler, the process reliability is increased, misalignments of the joining tools don't effect the quality of the connection anymore and even new applications, such as the joining of materials with a limited malleability become possible. Examples of realized connections and FE-calculations of the joining processes are presented.
Introduction
For economic and environmental reasons light-weight design has increased in importance over the last years. Light-weight materials such as aluminum or magnesium-alloys are used much more widely then before. Unfortunately, when joining these light-weight materials -especially in weight-saving mixed material structures -traditional joining methods like welding can only be used to a limited extend [1, 2] . Based on the need for alternative joining technologies a number of joining by forming methods have become widely used in the industry by now [3] .
Especially relevant joining by forming methods are those that get by without the pre-drilling of holes, such as clinching, rivet-clinching or self-pierce riveting. With these methods strong connections are made not by melting the parts to be joined as in welding, but by plastically deforming either the parts to be joined or an auxiliary part in such a way that an interlock between the parts is obtained. They usually work with a contoured die as a counter tool. The parts to be joined are pressed into the cavity of this die, the shape of which is vital for the material flow and the forming of the interlock. These joining methods are being applied in all fields of the sheet metal industry, but there could be much more applications if the following restrictions could be avoided.
To make these joining methods work, the contoured die has to be coaxially positioned to the rivet or to the punch with high accuracy. A misalignment between punch and die or between rivet and die would result in both, a decreasing strength of the formed connection and a shortened tool life [4, 5] . The process reliability is affected in some cases by deposits in the die, by the wear of the die, by joints getting stuck in the die at the end of the joining process, or even by partial damage at the rim of the die, which may go unnoticed by the process-monitoring system if it doesn't exceed a certain size. Another drawback is that every change in thickness or strength of the parts to be joined requires a new die geometry.
To improve this situation, two new joining methods where a flat anvil replaces the contoured die ( Fig. 1) have been developed. These methods will be referred to as dieless clinching and dieless rivet-clinching. 
Principle of dieless joining by forming
The principle of dieless joining by forming shall be explained in detail for dieless clinching. As to be seen in Fig. 2 an upper part (1) will be joined with a bottom part (2) . At the beginning of the joining process (Fig. 2 , left) these two parts to be joined (1, 2) are lying partially overlapped on the flat counter tool (3). For forming the connection the clamp (5) and the punch (4) are moved towards the parts to be joined (1, 2) . First the clamp (5) gets into contact to the upper part (1) and a limited pressure is applied on the parts (1, 2) without deforming them. Then the punch (4) is pressed into the parts (1, 2) with a high force. The material of the parts (1, 2) is displaced partially and flows in the opposite direction to the movement of the punch (4), thereby pushing the clamp (5) upwards. Thus an elevation is formed on the downside of the bottom sheet (it is important that the clamp pressure is sufficient to avoid warping of the parts but still allows for the formation of the elevation). The size of this elevation is increasing the further the punch (4) is pressed into the parts (1, 2). As soon as the material of the upper part (1) has come into contact with the shoulder of the punch (4) the material flow against the movement of the punch (4) is stopped (Fig. 2, middle) . When the punch (4) is pressed even further into the parts (1, 2) the elevation at the downside of the bottom part is flattened and the material displaced by the punch (4) is forced to flow in radial direction, thus forming an interlock between the parts (Fig. 2, right) . The connection has been formed in a single step. The material volume that the punch displaces is entirely directed towards the formation of the elevation. [6] As it is seen in the cross section of the steel-aluminum mixed connection in Fig. 3 , with dieless clinching a considerable interlock can be obtained. The characteristic values of the connection, i.e. the size of the interlock, the thickness of the neck and the remaining thickness of the bottom in the connection depend on the material and the thickness of the parts to be joined, the geometry of the punch and process parameters such as joining force, clamping force and friction values.
Dieless rivet-clinching is based on the same principle as dieless clinching. But instead of the punch in dieless clinching, which is pulled out of the connection after forming it, the rivet-clinched connection is formed with an auxiliary part. This part -the rivet -stays in the connection and thereby stabilizes it, thus substantially increasing the shear strength. The shape of the rivet and its deformation in the joining process can additionally support the formation of the interlock [7, 8] . An example of a rivet-clinched connection is shown in Fig. 4 . Dieless clinching as well as dieless rivet-clinching can be simulated with the FEM with a very high accuracy even with simple 2 dimensional models. In Fig. 3 and Fig. 4 simulation results obtained with the simulation system DEFORM 2D, Version 8.0 are to be seen. The punch, the clamp and the flat anvil were each modeled as simple rigid bodies. The sheets and the rivet were modeled with plastic material behavior. Because of the high strain values reached in the joining process accurate flow stress data sets at least up to equivalent strains of 3 have to be available for obtaining good simulation
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results. The high accuracy of the calculations allows for good predictions about the size of the interlock for a connection of given parts, as well as optimizations of the geometry of the punch or the rivet and optimizations of the process parameters.
Advantages
As in conventional joining by forming with a contoured die in dieless clinching and in dieless rivet-clinching, a considerable interlock can be obtained. A surface treatment before the joining operation is not necessary. The joining with a flat counter tool (Fig. 1) , as in dieless clinching and dieless rivet-clinching, has a number of additional advantages:
-In the dieless joining technology one flat counter tool can be used for all joining tasks. Contrary to conventional joining by forming methods, such as clinching with a contoured die or self-pierce riveting, a change in thickness or strength of the parts to be joined does not require a change of the counter tool. That means reduced tool costs, reduced set-up time and elimination of defective joints caused by inaccurate die geometries.
-As the shape of the counter tool is completely flat misalignments between the punch or the rivet and the counter tool do not influence the quality of the connection anymore. Thus the dieless joining methods have less requirements on the accuracy of the joining equipment, making it possible to utilize low-cost equipment. The time consuming accurate aligning of the joining tools becomes superfluous.
-The process reliability is increased, as there is almost no wear of the flat anvil and no rim that could be damaged. Joints can not get stuck in the countertool at the end of the joining process and there is no place for deposits as the counter tool has no cavity anymore.
-The joining of brittle materials is easier than in joining by forming with a contoured die because the crack inducing tensile stresses in the bottom part during the joining process are much lower (Fig. 5) . adequate. For making similar connections with conventional joining by forming methods with a heated contoured die, heating times of 3 to 6 seconds are necessary [9] . The main reason for the low heating times when applying dieless methods is -besides the near absence of tensile stresses during the joining process reducing the required temperature of the magnesium -that there is a good heat transfer from the heated anvil to the magnesium part. A costly cooling system for the prevention of misalignments between the joining tools, due to heat induced deformations of the joining equipmentas it is needed in thermal assisted joining by forming with a contoured die -is not required.
Upper part 
Limitations
The advantages of the introduced dieless joining technology are tremendous, but there are still some limitations. The joining forces needed for dieless clinching or dieless rivet-clinching can be 20%-30% higher than the forces needed for making comparable connections with conventional clinching or self-pierce riveting. Also when forming the joint with a flat anvil as opposed to a contoured die, there are differences in the material flow. The influence of the punch geometry in dieless clinching or of the rivet geometry in dieless rivet-clinching as well as the influence of process parameters such as the clamping force or the friction values on the formation of the connection are still not understood in every detail. Presently research is continued to provide more knowledge about these new joining methods.
Summary
Joining by forming operations can be accomplished with a flat counter tool. By using a flat anvil instead of a contoured die the costs for joining can be reduced considerably. The process is becoming simpler, thereby increasing the process reliability significantly. All formable sheet metal materials can be joined, including the most commonly used steel and aluminum alloys. Both, joining of two parts made out of the same material and joining of two parts made of different materials is possible. Even brittle materials, such as magnesium alloys are becoming joinable.
As the joining principle of joining by forming with a flat counter tool is different from the joining principles of joining by forming methods utilizing a contoured die, changes in the material flow have to be taken into account when optimizing the joining process.
The joining processes of dieless clinching and dieless rivet-clinching can be simulated with the FEM with a very high accuracy. Thus reducing the dependency of the research and optimization work on costly experiments.
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